Introduction
Corticotropin releasing factor (CRF), popularly called the 'stress hormone', is the major CRF on the synaptic potentials and its role in synaptic plasticity (Miyata et al. 1999; 50 Schmolesky et al. 2007 ). A reduction in P-type calcium current in isolated PNs has been 51 reported in the only study examining the biophysical mechanism of PN response to CRF 52 application (Tao et al. 2009 ).
53
Here we examine the effects of CRF on PNs in the acute cerebellar slice preparation. 54 Using current-and voltage-clamp methodologies we demonstrate that CRF application 
Materials and Methods
Housing and experimental procedures conformed to the guidelines of the Hebrew Instruments, TX, USA,) was used for monitoring and data acquisition.
92
Current double-ramp protocol: Bath solution was the same as the cutting solution.
93
Borosilicate pipettes were filled with internal solution containing (in mM): K-gluconate 94 145, KCl 2.8, NaCl 2, CaCl 2 0.1, Mg-ATP 2.4, GTP 0.4, and Hepes 10, EGTA 1 (pH adjusted 95 to 7.3 with KOH). PNs were held at ~-70 mV and double-ramp current was given for a 96 total duration of 2 seconds every 45 seconds. CRF was applied in every alternating 97 repeat, from 5.5 seconds before the ramp to 1-2 seconds after the ramp.
98
NaP voltage ramp protocol: Bath solution was composed of (in mM): NaCl 120, KCl 5, the same internal solution as in the double-ramp protocol. PNs were held at -60 mV and 111 a 6 sec ramp was applied to a value of 0 mV. CRF (4 µM) was applied as described Firing Probability: At least 20 repetitions of the response to CRF application were used 169 for calculating firing probability. Following detection of the spikes, binary vectors were created by dividing each trace into 10 msec bins (maximal firing rate was lower than 100 171 Hz) and a bin was assigned a value of 1 if it contained a spike. Firing probability was 172 calculated as the average of the vectors. All firing probability curves were smoothed 173 using a moving average (window length 60 bins).
174
Delay of increase in firing rate in tonically firing PNs: Following the calculation of the PN 175 firing probability dynamics, we calculated the maximum change in probability of firing 176 rate (ΔP_max), due to CRF application. The delay to the increase in the PN firing rate 177 was determined from the time point, following CRF application, in which the change in 178 probability for firing was 10% of ΔP_max value.
179
Burst duration: A burst was defined as a group of at least 4 spikes whose maximum 180 inter-spike-interval (ISI) was < 300 msec. Burst duration was the interval from the first to 181 the last spike peak. The increase in probability of firing in both PN types depended on CRF concentration.
252
The average response of 65 cells for 4 different CRF concentrations is shown in figure 1F . 253 The response increased with concentration up to 4 µM CRF while maintaining similar 254 dynamics. At higher concentrations a reduction in firing probability was, sometimes, 255 observed toward the end of CRF application. Within these limitations the dose-256 response curve displays a typical logarithmic relationship (Fig. 1G ).
257
CRF response measured in whole-cell recordings: The effect of CRF application on PN 258 somata was examined in whole-cell recordings in 9 bimodal neurons ( Fig. 2A) . All 259 showed a robust and consistent shift to an up-state during CRF application (Fig. 2B&C) .
260
CRF applied during the up-state caused an increase in firing frequency (Fig. 2B, bottom   261 trace). The up-state probability before CRF application was about 30%; this increased 262 rapidly to almost 100% after 2.53 sec from the start of CRF application, a consistent 263 response seen in the raster plot (Fig 2C) . On the population level, the average maximal 264 probability during CRF application was 95± 0.04% (SD, n=9 Like the extracellular recordings, the whole-cell recordings showed that the frequency 269 during CRF-induced firing was higher than during spontaneous activity (Fig. 2D) . The CRF 270 effect was quantified by calculating the spike probability within a time window of 10 271 msec before, during and after CRF application (Fig. 2E) . the spiking probability started to increase with an average delay of 1.29± 0.39 sec, reaching a peak of 0.30±0.07 (SD, n=9), 273 demonstrating a similar dynamic to that measured in extracellular recordings (Fig. 1E ). typical PN firing that was limited to the time of the current injection (Fig 3A black trace) .
279
In the presence of CRF, firing onset occurred earlier and lasted longer (Fig 3A red trace) , Table 1 ). A significant, concentration-dependent increase in the integral is evident. 
360
The most likely explanation for these results is that the CRF-sensitive current was 361 carried by potassium ions. We therefore tested the effects of TEA and 4AP on the CRF-362 sensitive outward current using the voltage ramp protocol as in figure 5D . While TEA 363 caused only a small reduction ( Fig. 5D ; an average reduction of 14.94% was measured in 364 6 cells), 4AP reduced the CRF-sensitive current by 70.4% ( Fig. 5E; n=3) . These voltage- to the external solution with and without the presence of CRF (Fig. 6A , green, blue 377 curves respectively). Subtracting the current under condition 3 from 1 and 2 (Fig. 6B ) 378 showed that CRF alters the magnitude and the voltage dependence of the Na current. given to a maximum of -120 mV. The leak current was subtracted offline from the 394 measured current (see methods). The resultant current traces are shown in figure 7A . 395 The Ih current developed almost immediately on step onset with faster kinetics at more 396 negative voltages, reaching values of 1.2 nA at -120 mV after two seconds. These 397 currents show a consistent increase in the presence of CRF (red traces). These results
398
are summarized in the voltage current plot (Fig 7B) . curves of ionic channels in PNs.
473
The fact that at least three currents were affected by CRF application is of no surprise. In respectively. Blue and green curves are the control and in the presence of CRF when TTX was 
